Interferoni 



TYPE I IFN 



TYPE II IFN 



TYPE III IFN - 



fibroblast IFN 



leukocyte IFN 



Immune IFN 



- IFN beta 



- IFN alpha 



IFN gamma 



- IFN lambda 



Table 1 

The human interferons. 



IFN class 


IFN 


Gene locus 


Primary source 


Function 


Receptor 


Signal transduction pathways 


Type I 


ICM ™ 

IrN-a 
IFN-p 


fi ni 1 1 o 

ypzl + j 
9p21+3 


Plasmacytoid 
Dendntic Cells (PUCs) 
Fibroblasts/DCs 










IFN-8, 


9p21+3 


Cells of centrai nervous 


Antiviral, cytotoxic, anti-tumoral, 


IFNAR 1/2 


Jakl, Tykl, Stati, Stat2, Stat3, 








system and female 


pro-apoptotic, antiproliferative 


(Ubiquitously expressed) 


Stat4, Stat5, NF-kp, MAPK, p53 








reproductive organs 










IFN-K, 


9p21 + 1 


Keratinocytes 










IFN-o 


9p21 + 3 


Plasmacvtoid DCs 








Type 2 


IFN-7 


12ql4 + 3 


Naturai killer cells 
T cells 

Macrophages 


Antiviral, antibacterial, antitumoural 


IFNGR1/2 

(Ubiquitously expressed) 


Jakl, Jak2, Stati, Stat3, Stat5 


Type 3 


IFN-M (IL-29) 


19ql3 + 2 


Plasmacytoid DCs 


Antiviral, antibacterial, anti-tumoural, 


IFNLR1/IL-10R2 


Jakl, Tyk2, Stati, Stat2, Stat3, 




IFN-\2 (IL-28A) 


19ql3 + 2 


Plasmacytoid DCs 


pro-apototic, anti-proliferative 


(Epithelial cells and hepatocytes) 


Stat5 




IFN-\3 (IL-28B) 


19ql3 + 3 


Plasmacytoid DCs 
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Fig. 1. Types I, II and II IFN receptors and their downstream signalling pathways. 
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Fig. 2 Induction and effects of type I IFNs. a The best characterized 
mechanisms leading to type I IFN induction are initiated by 
cytoplasmic RLRs and transmembrane TLRs. Signaling pathways 
activated by these receptors converge in the phosphorylation of IRFs, 
which translocate into the nucieus and adivate the transcription of 
type I IFN genes. b Type I IFNs sigila] through a dimeric receptor and 



self-amplifying 
loop of IFN 
production 
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Anti-inflammatory 









nudtut v 






ISGs 










à 





adivate JAK1 and TYK2. In turn, these kinases phosphorylate 
STATI and STAT2, enabling recruitment of IRF9 to the so-called 
ISGF3 complex. This trimeric complex binds to ISREs, thereby 
modulating the expression of ISGs exerting antiviral, immunomod- 
ulatory, proapoptotic, and anti-inllammatory functions 



Table 1 1 Inducers of type I IFNs and responding cells 



Inducer 


Source 


Receptor 


Localization 


Recponding celi 


ccDMA /-IcDMA 
SSKIMM. OSKINH 


Viruses 


Dir. 1 *r>A MHAi; 
kivj-i ano iviumd 


Cytoplasm 


Multiple celltypes 


Cytosolic DNA 


Viruses or bacteria 


STINC. DAI and RNA 
polymerase II 


Cytoplasm 


Multiple celltypes 


J C DMA 
OSKINH 


Viruses 


TI TDIF 
1 LK3— 1 KIT 


Endosomes 


Macrophages, cDCs and 
epithelial cells 


1 IK 
Lrj 


Gram-negative bacteria 


TI DA— TDIF 
i livt— i kit 


Plasma membrane 


Macrophages and cDCs 


Virai glycolipids 


Viruses 


TLR4-TRIF 


Plasma membrane 


Macrophages and cDCs 


ssRNA 


Viruses or damaged 
host cells 


TLR7-MYD88 


Endosomes 


pDCs. cDCsand 
macrophages 


Imiquimod 


Synthetic 


TLR7-MYD88 


Endosomes 


pDCs. cDCsand 
macrophages 


ssRNA 


Viruses 


TLR8-MYD88 


Endosomes 


cDCs 


CpC DNA 


Bacteria or viruses 


TLR9-MYD88 


Endosomes 


pDCs. cDCsand 
macrophages 



cDC. conventional DC: DAL DNA-dependent activator of IRFs: DC dendritic celi: dsRNA. double-stranded RNA: IFN. interferon: 
LPS. lipopolysaccharide: MDA5, melanoma differentiation-associated gene 5: MYD88, myeloid differentiation primary-response 
protein 88: pDC. plasmacytoid DC: RIG-I. retinoic-acid-inducible gene I: ssRNA, single-stranded RNA: STINC. stimulator of IFN 
genes: TLR.Toll-like receptor: TRIRTIR-domain-containing adaptor protein inducing IFNp. 



TLR2 



Virai ligand 



HCMV HSV HCV 
Measles virus 
LCMV VACV 

Endosomal pathway 



Cytoplasmic pathway 
il 

jjfe 




RIG-I 



5'ppp-RNA 



dsRNA 



MDA5 



dsRNA 



'TLR3 


TLR7 


TLR9 




















1 dsRNA 


! ssRNA 


f DNA 




Sendai virus 


EMCV 




-S— 




) 


NDV 


Mengo viurs 






RSV 


Theiler's virus 










Measles virus 


Norovirus 


Reovirus 


vsv 


MCMV 




Influenza A & B 


Sendai virus 


EMCV 


HIV 


HSV-1 




VSV 


MHV 


WNV 


CVB 


HSV-2 




Rabies virus 


LCMV 


CVB 


Influenza 


EBV 




JEV 


Measles virus 


HSV-1 


HTLV-1 






HCV 


HSV-1 


Influenza A 








Eboia virus 




Rhinovirus 








WNV 




DV 








DV 





LGP2 



DAI, IFI16 ? 



V 

( STING ) 
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Fig. 1. Diversity and specificity of virai sensors. Multiple virai sensors detect invading viruses. Genetic loss-of-function experiments have revealed 
the specificity of virai sensors in numerous virai infections. Toll-like receptor 2(TLR2) is expressed on the celi surface and detects human cytomegalo- 
virus (HCMV), herpes simplex virus 1 (HSV-1), hepatitis C virus (HCV), measles virus, LCMV, and vaccinia virus (VACV) (12-20). TLR3, TLR7, and 
TLR9 are located in endosomes. TLR3 recognizes RNA and DNA viruses such as reovirus (25), encephalomyocarditis virus (EMCV) (1 23), West Nile 
virus (WNV) (234, 235), HSV-1 (35), MCMV (236), influenza A (40), coxsackievirus B (CVB) (128), rhinovirus (237, 238), and Dengue virus (DV) 
(239). TLR7 recognizes ssRNA viruses such as human immunodeficiency virus (HIV) (240), influenza virus (41 , 42), vesicular stomatitis virus (VSV) 
(43), CVB (241), respiratory syncytial virus (RSV) (242), human T-cell leukemia virus (HTLV-1) (257), and mouse hepatitis virus (MHV) (258). 
TLR9 recognizes DNA viruses such as MCMV (243), HSV-1 (244), HSV-2 (245), and Epstein-Barr virus (EBV) (246). RIG-I and MDA5 sense replicat- 
ing viruses in the cytosol. RIG-I recognizes a series of ssRNA viruses including paramyxoviruses such as Sendai virus (71 , 247), Newcastle disease virus 
(NDV) (71, 247), RSV (248), and measles virus (249, 250), orthomyxovirus [influenza A and B viruses (71)], rhabdovirus [VSV (71, 247), rabies 
virus (251)], flavivirus [HCV (74), WNV (252), DV (239), Japanese encephalitis virus (JEV) (71)], and filovirus [Eboia virus (95)]. MDA5 detects pi- 
cornaviruses such as EMCV, Mengo virus, and Theiler's virus (71 , 72), as well as calicivurses, such as norovirus (253). MDA5 has also been shown to 
recognize Sendai virus (75), DV (239), MHV (254), LCMV (233), measles virus (249), and HSV-1 (255). DNA sensors such as DAI and IFI16 recog- 
nize cytosolic DNA viruses in a STING-dependent manner (99, 100, 103-106). STING is also involved in the recognition of RNA viruses such as VSV 
(105, 106). 



IMMUNITÀ' CONTRO I VIRUS 

opera in due momenti: 1) fase iniziale dopo l' infezione 

2) dopo invasione delle cellule 

Immunita' naturale 

- produzione di interferoni 

- cellule NK (che agiscono precocemente e sono attivate da IFNa) 
Immunita' specifica 

- Anticorpi specifici (alla base della vaccinazione profilattica) 

- Linfociti citotossici (CTL) che uccidono le cellule infettate, secernono 
citochine, rilasciano enzimi che a livello intracellulare degradano il genoma 
virale. Determinanti per la guarigione. 

Virus sono capaci di: 

- grande antigenicita' nel tempo 

- sopprimere la risposta immune 



Infezioni virale/risposta immune può' causare danno per : 

- formazione immunocomplessi circolanti 

- fenomeni autoimmunitari 
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FIGURE 14-12 



Time course of virai infection. IFN-a and IFN-p 
(dashed curve) are released from virus-i nfected cells soon after infec- 
tion. These cytokines stimulate the NK cells, quickly leading to a rise 
in the NK-cell population (blue curve) from the basai level. NK cells 
help contai n the infection during the period required for generation 
of CTLs (black curve). Once the CTL population reaches a peak, the 
virus titer (blue area) rapidlv decreases. 









^fJil^XKAl Mechanisms of humoral and cel 


ll-mediated immune responses to viruses \ 


Response type Effector molecule or celi 


Activity 





Humoral 



Cell-mediated 



Antibody (especially secretory IgA) 
IgG, IgM, and IgA antibody 
IgG and IgM antibody 
IgM antibody 

Complement activated by IgG or 
IgM antibody 



IFN-7 secreted by T H or T c cells 
Cytotoxic T lymphocytes (CTLs) 
NK cells and macrophages 



Blocks binding of virus to host cells, thus 

preventing infection or reinfection 
Blocks fusion of virai envelope with host-cells 

plasma membrane 
Enhances phagocytosis of virai particles 

(opsonization) 
Agglutinates virai particles 
Mediates opsonization by C3b and lysis 

of enveloped virai particles by membrane- 

attack complex 

Has direct antiviral activity 
Kill virus-infected self-cells 
Kill virus-infected cells by antibody- 
dependent cell-mediated cytotoxicity (ADCC) 




JL 



TLRs RLRs, and DNA sensore 




Time post infection 



Fig. 3. Cellular sources of IFN-I during virai infections. TLR7- and 
TLR9 -expressing pDCs detect RNA and DNA viruses and provide an initial 
source of IFN-I. However, pDC-mediated IFN-I production is limited and 
transient, indicating that the majority IFN-I required for controlling virai 
replication is derived from additional cellular sources such as cDCs, mac- 
rophages, monocytes, B cells, and stromal cells that utilize TLRs, RLRs, 
and DNA sensors for virai detection. The expression of RLRs and DNA 
sensors is often low but highly inducible in response of IFN-I, suggesting 
that initial IFN-I by pDCs may be essential for RLR- and DNA sensor- 
mediated responses. 



Human blood dendritic cells (DCs) 



DC Type 

Name 

Marker 



CDlc + DCs 



CDlc 

(MHC class I related) 



Conventional DCs 



CD141 + DCs 



CD141 

(BDCA3, Thrombomodulin) 



slanDCs 
6-sulfoLacNAc 

(slan) 



Plasmacytoid DCs 

BDCA2 (CD303, C-type lectin) 
BDCA4 (CD304, Neuropilin 1) 

















Frpaupncv' 3 

i i uuuv^i Ivy 


VJ 7 *+ /o 


~ 0,2 % 


~1,2% 


-0 2% 




Phenotype 


CD33 *CD13 , CDllb 


+ 

(Marker suggestiveof myeloid differentiation) 


CD33 ,"CD13 , CDllb 






CDlc + 


CDlc " 


CDlc " 


CDlc " 






CDllc + 


CDllc low 


CDllc + 


CDllc " 






CD16 " 


CD16 " 


CD16 + 


CD16 " 






CD45RA " 


CD45RA " 


CD45RA + 


CD45RA + 






CD88 (C5aR) 


CD88 " 


CD88 + 


CD88 " 






C3aR " 


C3aR " 


C3aR + 


C3aR " 






CD123 low 


CD123 


CD123 


CD123 + 




Cytokine 


TNF-a 


TNF-a 


High TNF-a 


High IFNa 




production 


IL-12p70 


IL-12p70 


High IL-12p70 





3 Marker not specific for DCs. 



' Among peripheral blood mononuclear cells 



Schàkel K. Exp Dermatol. 2009 Mar;18(3):264-73 
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FIGURE 4-15 Biologie actions of type I Interferons. Type I interferons ilFN-a. IFN-pi are produced by virus-infected ogIIs in responsi 
to intracellular TLR signaling and other sensors of virai RNA Type I interferons bind to receptors on neighboring uninfected cells and adivate JAK- 
STAT signaling pathways, which induce expression of genes whose produets interfere with virai replication. Type l interferons also bindto receptors 
on infected cells and induce expression of genes whose produets enhance the cell's susceptibility to CTL-mediated killing. 




Inactive 2 - 5A synthetase 
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Figure 6.3 Translation inhibitory pathways activated by IFN treatment of cells 
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Inhibition of class I MHC-associated 
antigen presentation by viruses 



Inhibition of 
proteasomal activity: 
EBV, human CMV 



Block in MHC synthesis 

and/or ER retention: 
adenovirus, human CMV 





Cytosolic 
protein 




Class I MHC pathway 



Block in 
TAP transport: 
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CMV 



Interference with 
CTL recognition by 
"decoy" virai class l-like 
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Mechanism of immune 
evasion 


Examples 


Aniigenic varianon 


inriuciiZa, 
rhinovirus, HIV 


Inhibition of antigen processing 




Pi 1 1 _ 1 _ C "T" A n\ j_ ^ ■ _ 

Blockade of TAP transporter 


Herpes simplex 


Removal of class 1 
molecules from the ER 


Cytomegalovirus 


Production of cytokine 
receptor homoloqs 


Vaccinia, 

poxviruses 

(IL-UFN-g) 

Cytomegalovirus 
(chemokine) 


Production of 

immunosuppressive cytokine 


Epstein-Barr virus 
(IL-10) 


Infection of 

immunocompetent cells 


HIV 



Abbreviations: ER, endoplasmic reticulum; HIV, 
human immunodeficiency virus; TAP, transporter 
associated with antigen processing. 



Representative examples of different mechanisms used 
by viruses to resist host immunity are listed. 



TABLE 23.2 Therapeutic indications for type I IFNs 



Disease 



Interferon (trade name) 



Condyloma acuminatum 

Juvenile laryngeal papillomatosis 
Chronic hepatitis B 
Chronic hepatitis C 

Multiple sclerosis 



IFN-a2a (Roferon A), IFN-a2b (Intron A), IFN-an3 (Alferon N), IFN-anl 
(Wellferon) 

IFN-anl (Wellferon) 

IFN-a2b (Intron A), IFN-anl (Wellferon) 

IFN-a2a (Roferon A), IFN-a2b (Intron A), IFN-a con -l (Infergen), Peg-IFN-a2b 
(PEG-Intron) IFN-anl (Wellferon) 

IFN-pia (Avonex, Rebif), IFN-(31b (Betaseron) 




Table 3. A synopsis of the principal biologica! acttvities of ! FN-a/8. 



Antiviral effect 



Effect on celi growth and division 



Moduiation of the expression of 
the MHC !, and to a tesser 
extent, of MHC-li celi surface 
moiecuies 



Broad-spectrum antiviral activity, owing to a variety of mechanisms 
that, depending on the virus invoived, can act at different stages 
of the infectious cycle. Some viruses have developed more or 
less efficient ways of escaping the antiviral effect 

Clinical use: IFN-/? is used to treat infection with hepatitis C virus. 

Inhibition of the replicati on of norma! and tumour ceiis. IFN-a and /? 
proiong G1, reduce rate of entry into the S-phase, and iengthen 
S and G2, resulting in a siower replicatici rate. Ceiis show highly 
different sensitivities to this activity. 

This is one of the mechanisms responsible for the 
immunomodulatory activities of IFN-a//3. Moduiation of MHC 
class il antigens is more specificaiiy a function of IFN-y. 



Stimulation of NK celi activity Contributes to the antitumour activity, but treatment of target cells 

with IFN-a//S sometimes results in protection against NK activity 



Antitumoral activity 



The mechanism of the antitumour activity is compiex, and only 
partly understood. Stimulation of macrophages, T cells and NK 
cells are invoived, as is sometimes the direct antiproliferative 
activity. 

Clinical use: for exampie, renai carcinoma, hairy-cell leukaemia. 
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Tra nsf ormatori 



Tissue 
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OAS. RNaseL 



Immunoediting 
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Tm celi 
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ttt) 
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Interaction with ali members 
of the TRAIL receptor fami ly 



A 



TRAIL receptor agonist 
monoclonal antibody 




^ Mght 



Highly specific interaction only 
with target receptor 



s 




\ 







I 



TRAIL decoy 
receptors (OPG, 

DcR1 , and DcR2) trail de ath receptors 
(TRAIL-R1 or TRAIL-R2) 



111 



Death domain TRAIL decoy 
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Fig 3. Selective activation of TRAIL death receptors by agonist antibody. TRAIL, tumor necrosis factor-related apoptosis inducing ligand; TRAIL-R, 
TRAIL-receptor; OPG, osteoprotegerin; DcR, decoy death receptor. 



Sclccted reports dcscribing immune correlates of clinical rcsponse to IFN-a 



Cancers 



Effccts 



Melanoma, others 

Melanoma, renai 
celi carcinoma 



Melanoma 



Chronic myeloid 
leukaemia 



Melanoma 



Melanoma 



Increase in NK activity and 
T helper lymphocytes 
Augmentation of in vitro 
T-ccll responses 
Increase in tumor-infiltrating 
T lymphocytes 
Enhancement of humoral and 
cellular immune response to 
leukemia-associated antigens 
Autoantibodies, clinical 
manifestations of autoimmunity 
Increase of tumor specific CD8' 
T cells in the peripheral blood 



Cancer 

• Regulation of celi growth 
and apoptosis 

• Adjuvant activity 



Intectinal barrier 

• Regulation of tight junctions 

• Inhibition of T H 17 cells 



Multiple sclerosis 

• Decrease of 
encephalitogenic T cells 

• Induction of IL-10 




IBD 

• Lack of therapeutic 
effect or exacerbation 



Coeliac diceace 

• Increased T H l-type 
response 



SLE 

• Activation of autoreactive 
T cells and plasma cells 



Psoriacic 

• Activation of 
autoreactive T cells 



Figure 4 | Type I IFNs in human diseases. Type I interferons (IFNs) are implicated in 
different human diseases, although their role in each condition varies.Type I IFNs usually 
have a beneficiai impact in inflammatory syndromes, such as inflammatory bowel disease 
(IBD) and multiple sclerosis. By contrast, some autoimmune diseases, such as psoriasis 
and systemic lupus erythematosus (SLE), are improved by type I IFN inhibition. This figure 
summarizes the positive (green) and negative (red) roles of type I IFNs in different human 
conditions. IL-10, interleukin-10; T p T helper. 





Fig. 5. Induction of type III and type I IFN production. For details refer to the main text. 
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Fig. 1. IFN signaling through the Jak-STAT pathway. Type I (IFN-ots and IFN-p) and type III (IFN-).s) IFNs bind to distinct receptors, but activate the sanie downstream 
signaling events, and induce almost identical sets of genes mainly through the activation of IFN-stimulated gene factor 3 (ISGF3) and STATI homodimers. IFN-y (the only 
type li IFN) activates STATI, but not ISGF3, and induces a partially overlapping but distinct set of genes. Adapted from Ref. [ 1 16], with penmission from Elsevier. 



TABLE2. Antiviral Activity of IFN-À 



Virus 



IFN subtype 



Experimental system 



Proposed mechanisms 



VSV 

IAV 
HSV1 



HBV 



HCV 



APEUV 



( MY 



Al, A2. A3 



Al, A2 
Al 



Al 



Al, A2 



Al, A2 



Al, A2 



Al, A2 



HTNV A1,A2 
HSY2 (in vivo) A2 



W («i vivo) 



A'J > 



LN229, HepG2, MG63, SW480, HepC2, 
T24/83, A549, LN319, and HT29 
cells 

I laCaT, HT29, WISH, and A549 cells 
MD-DCs 

Macrophages 



Hepatoma celi, primary hepatoc\ r tes, 
hepatocyte Huh7 cells 



Primary* hepatocytes, human hepat< una 
cells, hepatoc>te Huh7 cells 



African greenmonkey kidney celi line 
Vero cells, PBMGs 

HCT1 16 cells 



A549 cells 

i.p. or intra vaginal infection of 
C57BL/6 mice 

Intranasal and intradermal infection of 
BALB/c mice 



Reduced CPE 



Reduced CPE 

Reduced expression of 
\iral H3N2 

Decreased virai IE 
gene-infected celi 
protein 27 (ICP27) 
transcription 

Reduced CPE, reduced 
expression of HBV 
relaxed ci re le, and 
ssDNA replication 
1< »rms 

Reduced CPE, inhibits 
HCV subgenomic 
RNA replication, 
reduced levels off 
HCV mRNAs and 
replicons 

Induced the 
expression of 2',f»'- 

Reduction in cells 
positive for virai IE 
gene expression 

Inhibited HTNV 
replicati* >n 

Reduced the hepatic 
virai titer, blocked 
virus replication 

Reduced virai load in 
the bratti 



CPE. cytopathic effect. 



TABLE 4. Immunoregulatory Functkms of IFN-As 



Subtv]x* 



Experimental svst< ni 



P< >ssible mechanisni 



A2 

Al, A2 

Al, A2 
Al, A2 



PBMC and C8166 T celi line 
Ai ii mi al fiinction 



Aliti tumor hi action 
DC 



Increased HIV binding and replicatimi 

Up-regulating MHC class I molecule expression to prornote antìger 
presen tation 

Regulating innate and adaptive immune responses 
Promoted the generation of tolerogenic DC: induced a pai ti I 
maturation of DC, up-regulation of MHC class I and II molecules 
no induction of costumila tory molecules 
Promoted proliferation of natii rally arising Foxp3-expressin£ 
CD4+CD25+ regulatoiy T cells 
PBMC', monocytes, and macrophages Up-regulated IL-6, -8, and -10 and chemokines 
MD-DCs Inhibition of Th2 responses by down-regulating IL-13 production 

As t h 1 1 la Immunoprotec 1 i w 

Con Arinduced heparitis Induced Tlil cytokine production and T cell-mediated liver injun- 



Al, A2 Regulatory T cells 



Al 
Al 

Al, A2 
A2 



TABLE 3. Antitumor Activitv of IFN-Às 



Subtype 



Experimental system 



Possible mechanism 



Al 

A1,A2 

Al 

Al 

A2 (m vivo) 
K2 \ in uteo) 



Human glioblastoma LN319 celi line 
Human neuroendocrine BONI tumor cells 
Murine BW5147 thymoma celi line 
Human keratinocyte celi line HaCaT, human 

fibrosarcoma 2fTGH celi line 
Murine melanoma 

Murine fibrosarcoma 



A 2 (in vivo) 



Murine melanoma, colon cancer 



Growth inhibition 

Decreased celi numbers, induced apoptosis 
Growth inhibition 

Induced apoptosis, extended STAT activation, 

prolonged ISG expression 
Engaged host mechanisms to exert their 

antitumor functions 
Induce innate and adaptive immune 

responses against tumors, includi ng 

increase of IFN-y production and 

polymorphonuclear neutrophils, NK cells, 

and CD8 T celi activitv 
Induced tumor apoptosis and innate immune 

responses 




Fig. 6. Physiological action of type III IFNs. (A) Targets of type III IFNs (depicted in red) mainly include epithelial cells from the skin, the gut, the respiratory system, and the 
urogenital system, as well as hepatocytes. (B) On their target cells, type III IFNs exert anti-viral (top) and antibacterial {bottom) actions. For details, refer to the main text. 
Whether the anti-growth activity of type III IFNs (not shown) is relevant for naturai anti-tumor defense must be clarified in future investigations. OAS, 2'5'-oligoadenyIate 
synthetases; MxA, MxA protein; PKR, IFN-inducible dsRNA-activated protein kinase; BD2, p-defensin 2; TNF-a, tumor necrosis factor-a; LTA, lipoteichonic acid; PGN, 
peptidoglycan; LG, lipoglycan. 



TABLE 5. Comparison of Type I IFNs and IFN-As: 
Receptors and Clinica! Effects 



IFNs 



Receptors 



Clinic al effects 



T>pe I IFNs: IFNAR1 IFNAR2 
IFN-gc/0 (ubiquitous 
expression) 



IFN-As: IFN-A1, 
IFN-A2. IFN- 
AS 



IFNLR1 (limited 
expression)/ 
IL-10R2 
(ubiquitous 
expression) 



Autoimmune and chronic 

inflammatory diseases 

Uke multiple sclerosis, 

experimental 

autoimmune 

encephalitis. cancers. 

chronic HBV and HCV 

infections 
HBV and HCV infections 
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TABLE Companson of Prechnica 


il Toxlcology: PEG Interferon- 


-alpha (IFN-a) versus PEG-IFN-X 




PEG-IFN-a 


PEG-IFN-X 


Dose (+ 50 mg/ kg Ribavirin) 


0.45 mg/kg 2/vvk 


2.5 mg/kg 2/wk 


Mortality 


17% 


None 


Glinical observations 


"Sickness behavior" 


Normal 


Body Weight 


Decreased 


No effect 


RBC and WBC levels 


Decreased 


No effect 


Sri unì Pr< >trin lrwls 


Decreased total protein. 


Normal levels total protein, 




albumin and globulin 


albumin, globulin 


Bone Marrow 


Hypocellularity 


No effect 


Thymus 


Atrophy 


No effect 
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Figure 1. Genomic organization of the IFN-X genes (IL28B, IL28A and IL29) and locations of key SNPs. These genes are located on chromosome 19 in the region between 
q 1 3.1 2 and q13.13. IL28A and IL28B lie adjacent to each other, but are transcribed in opposite directions. Several of the SNPs identified in the originai GWAS studies, 
including rs12979860 and rs8099917, are located in the intergenic region between IL28A and IL28B[45 48]. Other SNPs such as rs81 03142 and rs2841 68 13 are located within 
the IL28B gene itself. SNP rs 8103142 is located in the coding region of exon 2 and results in a single amino acid change from lysine to arginine at position 70 (K70R); 
however, this mutation does not appear to induce any significant changes in the potency or bioactivity of the corresponding protein. 



Key Points 3 



Genetic variants near the interleukin 28B (IL28B) gene 
are strongly associateci with spontaneous clearance of 
HCV and with response to therapy with pegylated IFN-a 
and ribavirin 

The minor alleles (associated with poor response to 
therapy) are positively associated with IFN-stimulated 
gene expression in CHC 

The molecular mechanisms that link genetic variants 
near the IL28B gene to constitutive activation of the 
endogenous IFN system in the liver are presently 
unknown 
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Fig. 4. IL28B gene locus on human chromosome 19. The 3 most strongly 
associated SNPs are in the genome regions flanking the IL28B gene. Nudeotide 
numbers on chromosome 19 are indicated for three SNPs and for the start of the 
coding region of the 1L28A and IL28B gene. 




FIG. 25.2. Structure of the Interferon (IFN)-yReceptor. Shown are ri la- 
bori diagrams of the structures of the IFNy/IFNyreceptor complex as 
an example of atype II cytokine/cytokine receptor. In the IFNyrecep- 
tor, only IFNGR-1 complexed to the IFN-y dimer is shown, as the full 
structure with IFNGR-2 is not available. See text for discussion of 
the structure. The IFNy-IFNGR-1 structure is from Walter et al. 401 The 
figure was provided by Dr. Alex Wlodawer, National Cancer Institute. 
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FIGURE 15-3 Innate and adaptive immunity to intracellular bacteria. The innate immune response to intracellular bacteria consists 
of phagocytes and NK cells, interactions among which are mediateci by cytokines (IL-12 and IFN-y). The typical adaptive immune response to these 
microbes is cell-mediated immunity, in which T cells activate phagocytes to eliminate the microbes. Innate immunity may control bacterial growth, 
but elimination of the bacteria requires adaptive immunity. These principles are based largely on analysis of Listeria monocytogenes infection in mice; 
the numbers of viable bacteria shown on the y-axis are relative values of bacterial colonies that can be grown from the tissues of infected mice. (Data 
from Unanue ER. Studies in listerbsis show the strong symbiosis between the innate cellular system and the T-cell response. Immunological Reviews 158: 
11-25, 1997.) 
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Production of reactive oxygen 
species, nitric oxide, increased 
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Killing of microbes in phagolysosomes (effector 
function of macrophages) 


Secretion of cytokines 
(TNF, IL-1, IL-12) 
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TNF, IL-1, chemokines: leukocyte recruitment 
(inflammation) 
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T celi response) 



FIGURE 10-7 Macrophage activation by T H 1 cells. A, Macrophages are activated by CD40L-CD40 interactions and by IFN-y expressed 
by T H 1 cells and perform several functions that kill microbes, stimulate inflammation, and enhance the antigen-presenting capacity of the cells. 
B, The principal molecules that mediate the functions of macrophages are listed. Macrophages are also activated during innate immune reactions 
and perform the same functions (see Chapter4). 
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FIGURE 15-4 Cooperation of CD4 and CDS T cells in 
defense against intracellular microbes. Intracellular bacteria 
such as L monocytogenes are phagocytosed by rnacrophages and rnay 
survive in phagosomes and escape into the cytoplasrn. CD4 + T cells 
respond to class II MHC-associated peptide antigens derived from the 
intravesicular bacteria. These T cells produce IFN-y, which activates 
rnacrophages to destroy the microbes in phagosomes. CD8 + T cells 
respond to class l-associated peptides derived from cytosolic antigens 
and kill the infected cells. 
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Macrophage-lymphocyte interactions in chronic inflammation. Activated lymphocytes and 
macrophages influence each other and also release inflammatory mediators that affect other 

cells. 
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FIGURE 11-14 Ig heavy chain isotype switching. B cells activated by helper T celi signals (CD40L, cytokines) undergo switching to dif- 
ferent Ig isotypes, which mediate distinct effector functions. Selected examples of switched isotypes are shown. The role of IFN-y in directing specific 
isotype switching events has been established only in rodents. 
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TABLE 24.2 Phenotypes ofmice lacking components ofthe IFN-y signaling pathway 



Gene deleted Knockout mouse phenotype 



I 



IFN-y 



IFNGR1 



IFNGR2 

Jakl 
Jak2 

Stati 



SOCS-1 



Viable and fertile, no gross abnormalities in young mice, 
increased susceptibility to selected virai and bacterial infection 
Viable and fertile, no gross abnormalities in young mice, 
increased susceptibility to selected virai and bacterial infection, 
as well as chemically and genetically induced tumor formation 
Viable and fertile, no gross abnormalities in young mice, 
increased susceptibility to selected virai and bacterial infection 
Viable but perinatal lethality due to neurologie deficits; SCID 
Embryonic lethality due to failure in erythropoiesis 

Viable and fertile, no gross abnormalities in young mice, 
increased susceptibility to selected virai and bacterial infection, 
as well as chemically induced tumor formation 
Viable but perinatal lethality due to severe IFN-y-dependent 
inflammatory disease, multiple hematopoietic abnormalities 
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IFNy 
( lÒjfclF 



Type I IFN 
IFNARlQ^^IFN/ 




Figure 1 | Signalling pathways activated by type I and type II IFNs. Different signal transducer and activatorof 
transcription (STAT) family members can be activated by interferons (IFNs). STATI homodimers can be formed in response 
to both type I IFNs and type II IFN (IFNy). These homodimers bind to IFNy-activated site (CAS) enhancer elements in the 
promoters of IFN-stimulated genes. and this results in the induction of genes encoding pro-inflammatory cytokines and 
apoptotic factors. Type I and type II IFNs can also activate STAT3 homodimers. and this can result in the production of both 
pro-inflammatory cytokines and anti-inflammatory cytokines (such as interleukin-10 (IL-10)). although the underlying 
mechanismsare not known. STAT1-STAT2 heterodimers. which are activated by type I IFNs. bind to IFN regulatory factor 9 
(IRF9) in the cytosol to form the IFN-stimulated gene factor 3 (ISCF3) complex. which in turn migrates to the nucleus to 
bind to IFN-stimulated response elements (ISREs) and activate antiviral and antibacterial genes. In addition, type I IFNs 
stimulate IL-10 production eitherthrough the phosphoinositide 3-kinase (Pl3K)-AKTpathway orthrough STAT3 homodimers. 
Finally in a STAT-independent manner. type I IFNs activate both p38. which isan upstream activatorof several genes 
regulated by ISREs and CAS elements. and mammalian target of rapamycin (mTOR). which regulates mRNA translation. 
CREB. cAMP-responsive-element-binding protein: IFNAR. IFNa/P receptor: IFNCR. IFNy receptor: JAK. Janus kinase: 
SBE. STAT3-binding element: TBX21.J box 21: TYK2. non-receptortyrosine kinase 2. 



Table 2.1 Biological activities of interferons 








IFN-a 


IFN-p 


IFN--Y 




Enhances or inhibits celi differentiation 


+ 


+ 


+ 




Enhances Class I MHC expression 


+ 


+ 


+ 




Induces or enhances Class II MHC expression 






1 




Act.ivat.es macrophaffes 






+ 




Fnhanrps NK ppII artivity 




+ 


+ 




Enhances B celi proliferation and maturation 






+ 




Increases secretion of other cytokines 






+ 




Increases celi surface receotors for Fcy and cvtokines 






+ 




Inhibits normal and transformed celi growth 


+ 


+ 


i 

T 




Prntprts rplk from virnses 


+ 


+ 


+ 




Counteracts effects of IL-4 on B cells 






+ 











E ' v. 




ATTIVITÀ ANTIPROLIFERATIVA 



ATTIVITÀ ANTIVIRALE 



AZIONE CITOSTATICA 



EFFETTI SULLE CELLULE NK 




effetto citolitico 



EFFETTI SU 



MACROFAGI E NEUTROF1L1 
LINFOCITI T CITOTOSSICI 



ESPRESSIONE DEGLI ANTIGENI HLA 
E DEGLI ANTIGENI TUMORALI 




cellula 
tumorale 



Sono qui schematicamente rappresentate le possibili modalità dell'azione antitumorale 
degli interferoni. 



Table 2 Interferon-y 



Effcct 



Mechanism 



Contcxt 



Immune stimulatory cffects 
Decreases susceptibility to infection 

Improves resistance to chcmically induced and 
spontancous tumors 

Activates antitumor potcntìal of macrophages 

Supports prolifcration, activation, lytic 
capability, and production of cffcctor cytokincs 
in NK and NKT cells 

Rccruits CTLs to tumor environment 

Blocks Treg expansion 

Mcdiates T celi and NK celi tumor infiltration 

Decreases tumor growth, promotes antitumor 
immunity 

Promotes Thl7 celi expaasion and function 
Inhibits vascularization 

Regulates HSC repopulation 



Maintenance of TNFa signaling, Ag-specific IgG2a 
responses, Ag-specific prolifcration 

IFNy signaling in tumor cells increases 
immunogenicity 

Stimulates IL-12 secretion and tunx)r celi killing by 
macrophage 

IFNy production by activated NKT celLs 



Polarizes ThO to Thl, which recruit CTL to tumor 

Causes celi cycle arrest in Tregs 

Stimulates productions of chemokines MIG and IP- 
10 

Mediates angiostasis, maintains tumor celi 
immunogenicity (dying tunx)r cells release TAAs) 

Iixluces IL-1 and IL-23 

IFNy stimulates IP-10 and MIG, angiogenesis 
inhibitors 

IFNy secrction by immune and other cells 



Bacterial and 
virai infection 

Canee r 



Cancer 



Cancer 

Cancer 
Cancer 
Cancer 

Cancer 

Autoimmune 

Cancer, organ 
transplantatior 

Homeostasis, 



Interferon-y J 

•Formulations: 

•lnt§rferon-Ylb (Actimmune®) 
•Indication: 

•Chronic granulomatous disease 

•Osteopetrosis 
•Co-Treatments: 

•Antibiotics 

•Steroids 
L «Vitamin D 




lnterferon-3 

Formulations: 

•InterferonBla (Avonex®, Rebif®) 

•InterferonBlb (Betaseron®, Extavia®, 

Ziferon®) 
Indication: 

•Multiple Sclerosis 




Side Effects: 
Flu-like symptoms 
• Lethargy 
Autoimmune disease 
• Myelosupression 
Neutropenia 
Depression 
• Cough 
Pneumonitis 
^ Pulmonary arterial hypertension J 




HilHiHMiPJ 



'Formulations: 

• Pegi nter feron-Al (in cllnlcal trials) 
'Indication: 

• Novel therapy for chronic hepatitis C 
infection 

•Co-Treatment: 
•Ribavirin 





Fig. 2. Therapeutic indications, formulations, co-trcatments and side effects of the human IFNs. IFN-K is a new therapeutic agent with a side effect profile that is stili to be fiilly 
characterised hence its segment of the schematic is separated away from the other IFNs. 
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Funzioni biologiche dell' IL-12 



> Induce la differenziazione delle cellule T naive verso Thl 



> Induce la produzione di IFNy da cellule NK e da cellule T 



> Induce produzione di altre citochine, chemochine e recettori 
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> Aumenta l' attività citolitica di NK e cellule T 
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Figure 3 Members of the IL-12 family. IL-12 and IL-23 share the p-chain 
p40 (IL-12p), whereas IL-27 and IL-35 share the p-chain EBI3. IL-12 
and IL-35 share the p35 a-chain, whereas IL-23 and IL-27 have unique 
oc-chains. IL-12 and IL-23 are disulf ide-linked heterodimers, whereas 
IL-27 and IL-35 lack the disulfide linkage. 
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Figure 1 1 The IL-12 cytokine family. IL-12, IL-23, IL-27 and IL-35 are heterodimeric cytokines 
that have shared and unique subunits and binding receptor components. In addltion to their 
structural relationship, the IL-12 family members activate overlapping JAK-STAT-signaling 
pathways. Abbreviations: JAK, tyrosine-protein kinase JAK; TYK2, nonreceptor tyrosine-protein 
kinase; STAI signal transducer and activator of transcription. 



